Objective: The aim of this study was to explore the possible influences of age and gender on urinary Alpha 1-Microglobulin (α1-MG) concentrations and establish specific reference values of urinary α1-MG in a group of healthy adults.
| INTRODUCTION
Alpha 1-Microglobulin (α1-MG) is a low molecular weight glycoprotein mostly produced by liver and exists in blood in free or bound (complexes with IgA or albumin) forms.
1,2 Under normal conditions, approximately 99.9% of the free α1-MG filtered freely through the renal glomerular basement membrane is reabsorbed by the proximal tubular cells. Any proximal tubular cell dysfunction could result in increased quantities of α1-MG in the urine, hence urinary α1-MG has been recognized as a sensitive marker for the early detection of tubular injury in many diseases, 3, 4 especially in diabetic kidney disease in recent years. 5, 6 Urinary α1-MG has been recommended by expert consensus on clinical diagnosis of diabetic nephropathy as an indicator to screen early tubular involvement in Chinese adults. 7 Klaus Jung and his fellow 8 found the normal reference interval of urinary α1-microglobulin-to-creatinine ratio (α1-MG/Cr) was as follows: 1.27 g/mol (11.2 mg/g) creatinine for people aged 18-40 and 2.20 g/mol (19.4 mg/g) creatinine for people aged >40. 8 Then Lothar Thomas 9 agreed the previous reference value range of α1-MG/Cr, and gave a new one for urinary α1-MG: 12 mg/L or 20 mg/24 h for all ages. However, there are few detailed and comprehensive studies on the reference interval of urinary α1-MG concentrations in Chinese people, and we usually refer to the western results. But our recent studies found that, the incidence of elevated urinary α1-MG/Cr was higher in men than in women, 10 and male was the most important risk factor associated with tubular injury. 11 Similarly, a study about urinary α1-MG in Singapore also found the urinary α1-MG excretion increased with age, and was higher in men (1.41 mg/mmol urine creatinine) than in women (1.14 mg/mmol urine creatinine). 
| Measurements
Anthropometric measurements and laboratory examinations were recorded. Morning spot-urine samples and blood samples were obtained from subjects at physical examination, then stored at −80°C, thawed at room temperature, and centrifuged (400 × g, 15 min) before use. Blood and urine samples were tested in our clinical laboratory department.
Urinary α1-MG were assessed by nephelometry immunoassay on a 
| Statistical analysis
Analyses were performed with SPSS 20.0 (IBM Corporation, Armonk, NY, USA). Normal distribution data (like age, SBP and DBP, et al.) were expressed as mean±SD, skew distributional data (α1-MG and α1-MG/ Cr) were expressed as median and inter-quartile range. Logarithmic transformation of α1-MG and α1-MG/Cr was used for further analysis.
Univariate linear regression analysis with Log(urinary α1-MG/Cr) or Log(urinary α1-MG) as the dependent variable, respectively, whereas age, gender, BMI, SBP, DBP, fasting glucose(FG), TG, TC, eGFR as the independent variable was used to evaluate the association between them. Then the related variables were further analyzed by multivariate stepwise regression analysis to explore the influencing factors of urinary α1-MG and α1-MG/Cr. Differences among groups were tested by T test for normal distribution variables and Mann-Whitney U test for non-normal distribution variables (α1-MG and α1-MG/Cr). Finally, for different groups, the 95th percentile was used to determine the upper normal boundary of urinary α1-MG and α1-MG/Cr. P<0.05 was considered statistically significant. 
| RESULTS

P=0.409).
All participants were grouped according to gender and age, and the differences in urinary α1-MG (no differences between groups, data not displayed) or α1-MG/Cr (as shown in Tables 4 and 5 ) between groups were also comparised. In males, the urinary α1-MG/ Cr of the 31-40 or 41-50 years old groups were similar to the other groups, but the 20-30 group was significantly lower than that of 51-60 group. While in females, only the 20-30 group had significantly lower urinary α1-MG/Cr than the other three groups. Then we compared the urinary α1-MG/Cr between males and females before and after the age of 30, and found the urinary α1-MG/Cr was similar between males and females in the age group less than 30 years old, but in the other group, the value of males was significantly lower than that of females. As the average age in the 31-60 group was different between men and women, linear regression analysis was chosen and the association between gender but not age with urinary α1-MG/Cr was found (data not displayed).
The value of α1-MG was sex-dependent, the 95th percentile of urinary α1-MG for males was 26.4 mg/L, for females was 8.6 mg/L.
While urinary α1-MG/Cr was both gender-and age-dependent, the 95th percentile for males and females aged 20-30 was 16.9 mg/g, for males aged 31-60 was 19.8 mg/g, for females aged 31-60 was 28.5 mg/g.
| DISCUSSION
In the current clinical application of urinary protein as a sensitive marker of renal tubular injury, we tended to use the reference value recommended by Lothar Thomas, 9 as there is no specific definition for Chinese people. Some people also use different reference value for clinical research (0.07-5 mg/g). 12 Then this study investigated the possible influences of age and gender on urinary α1-MG concentrations and tried to establish specific reference values in a group of healthy Chinese adults.
The differences in baseline characteristics between females and males in this study were similar to a cross-sectional study including more than three thousand people from China. 13 The value of urinary α1-MG was associated with gender, but did not related to age in this study, different from Klaus Jung's findings. 8 A study of children with type 1 diabetes also found no correlation between urinary α1-MG and In addition to gender and age, there is a weak but significant negative correlation between eGFR and urinary α1-MG in both univariate and multivariate analysis. This finding further supports the use of urinary proteins as markers of renal tubular injury. 19, 20 In addition, the significant correlation of eGFR with urinary α1-MG/Cr in univariate analysis lost after multivariate analysis, it is different from our previous study in diabetic patients. 11 Similarly, the relatively normal kidney function and younger age may interpret this result, too.
Inevitably, there are some shortcomings in this study. First, the type of specimen is morning or random urine, there may be a certain degree of variation; the relatively fewer specimens may also affect the accuracy and reliability of the results. Second, the level of serum α1-MG was not detected, so the high level of urinary α1-MG induced by serum protein could not be excluded. Finally, the eGFR of all subjects is not less than 90 mL/min/1.73 m 2 , and we did not screened for people with high filtration risk. Consequently, there is a risk of renal insufficiency in this population. But other than that, this study also has advantages. We investigate the reference value of urinary α1-MG and α1-MG/Cr in Chinese adults for the first time. With the increasing need of clinical applications of urinary α1-MG, the reference value may play a more and more important role. So the next work of our group is to explore more people to establish a better reference value for use.
In conclusion, we find the value of urinary α1-MG was sexdependent, whereas urinary α1-MG/Cr was both gender-and agedependent. Then we use the 95th percentile as reference value, find that of urinary α1-MG for males was 26.4 mg/L, for females was 8.6 mg/L; of urinary α1-MG/Cr for males and females aged 20-30 was 16.9 mg/g, for males aged 31-60 was 19.8 mg/g, for females aged 31-60 was 28.5 mg/g. Only 299 normal subjects were enrolled in this study, we need a larger sample size to establish a better reference value for Chinese people to better serve the clinical applications.
